Lychee (Litchi chinensis) has been analyzed for cytokinins in buds before and after flower bud differentiation, using reversephase high performance liquid chromatography in combination with Amaranthus bioassay and gas chromatography-mass spectrometry-selected ion monitoring. Four cytokinins, zeatin, zeatin riboside, N6-(62-isopentenyl)adenine, and N6-(56-isopentenyl) adenine riboside, were detected in buds. There was an increase of cytokinin activity in the buds during flower bud differentiation. In dormant buds, the endogenous cytokinin content was low, and the buds did not respond to exogenous cytokinin application. Application of kinetin promotes flower bud differentiation significantly after bud dormancy. These results are interpreted as an indication that the increase in endogenous cytokinin levels during flower bud differentiation may be correlative rather than the cause of flower bud initiation.
It is clear that cytokinins are important factors in the regulation offlower bud initiation and development in certain fruit trees. Work in this laboratory has focused on the role of cytokinins in the dry season of flower bud initiation in mango (5) and lychee (7) . During the course of these studies, we observed that cytokinin exerts a strong influence on flower bud differentiation. Indeed, evidence for a role of zeatin in this phenomenon in apple has been published (9) . In the present study, I report the results of experiments with two objectives in mind: (a) to characterize the role of cytokinins in the regulation of flower bud initiation in lychee (Litchi chinensis); and (b) to determine the time course for changes of cytokinins during undifferentiated and differentiated buds.
MATERIALS AND METHODS

Plant Material
Grafted lychee trees (Litchi chinensis Sonn. cv Heh yeh) grown for 10 years at a local orchard were used throughout this investigation. Uniform shoots (5 months old) were selected. Shoots were marked, and buds were randomly collected starting 6 weeks before flower bud initiation and during flower bud differentiation at intervals of 7 d. For studies on sampling times with respect to flower bud initiation, 50 buds were excised randomly from 30 terminal shoots. The buds ' Supported by National Science Council Grant NSC77-0409-B021-05, Republic of China.
were kept in formalin-acetic acid-alcohol fixative for subsequent histological studies and were embedded and sectioned at a thickness of 8 ,um using standard techniques. A modification of Sharman's technique ( 11) was used for staining. The microtome sections were examined using optical microscopy, and schematic drawings were made. The flattening and elongation of the apical meristem, and the concurrent appearance of flower primordia, were used as the criteria of flower bud initiation.
Extraction, Purification, and Measurement of Cytokinins
The organs used for cytokinin analyses were the main shoot apex and primodia closest in size to the shoot apex, i.e. about 0.2 to 0.5 mm in length. The buds (up to 2500 shoot apices per sample) were weighed, lyophilized, and stored at -20OC before extraction. Extraction, purification, HPLC, bioassay, and GC-MS-SIM2 measurements were conducted as described previously (1, 2, 4, 6, 8) . Briefly, the extraction and purification steps were: homogenization of samples in cold 80% aqueous methanol overnight at 40C with butylated hydroxytoluene (40 mg mL-') to prevent oxidation, to which was added approximately 37 x 103 dpm of [3H]dihydrozeatin (1.02 kBq mmol-'; Amersham Corporation). The aqueous phase obtained after evaporation of methanol was adjusted to pH 3.5 with 1 M HCl. The tissue extracts were eluted from a column (10 x 1.25 cm) of insoluble PVP with 10 mm phosphate buffer (pH 3.5) to remove phenolics and pigments, adjusted to pH 2.5 with 1 M HCl, and then partitioned four times with ethyl acetate. The aqueous phase was adjusted to pH 9.0 with 1 M NaOH and partitioned four times with watersaturated n-butanol. The residue from the n-butanol phase was chromatographed on a column (25 x 1.0 cm) ofSephadex G-10 with 0.05 M NaH2PO4 buffer, pH 7.0, as eluent. The fractions of 20 to 300 mL of eluate were collected, adjusted to pH 9.5, and partitioned against n-butanol. The residue from the n-butanol phase was dissolved in 3 mL of 70% aqueous methanol and loaded onto a Sep-Pak C18 cartridge (Waters Associates). The cartridge was eluted with 3 mL of 70% aqueous methanol, and the eluate was evaporated to dryness.
Separation of cytokinins was performed by HPLC using a Spectra Physics 8100 pump equipped with an integrater. The 
RESULTS AND DISCUSSION
Recovery efficiency was found to be approximately 62 to 68% in each sample. In all growth stages, Z, ZR, 2iP, and 2iPA were detected (Table I) . Typical HPLC-bioassay profiles of buds before flower bud initiation and at the middle stage of flower bud differentiation are shown in Figure 1 . An important increase in the cytokinin-like activity occurred at flower bud differentiation in lychee. In undifferentiated buds, there was a consistent trend for apices to be generally low in total cytokinins and to increase many-fold after flower bud initiation, up to 182 jig g-1 dry weight (Table II) ; the increase of ZR is especially significant. Bonnet-Masimbert (3) also confirmed that endogenous cytokinins may be implicated in floral bud differentiation in Douglas fir. Since ZR dominate quantitatively and these are particularly active in promoting flower bud differentiation ( Fig. 1 and Table II) , it may be the most important.
Relative rates of cytokinin biosynthesis and metabolism would be impossible to measure in a direct fashion because the exact biochemical pathway in lychee buds leading to cytokinin and its subsequent metabolism is not known. However, an indirect comparison of exogenous cytokinin application can be achieved by adding to the undifferentiated and differentiated buds under dry season field conditions.
In the early stages of undifferentiated buds, the exogenous kinetin had no effect on the ability of dormant bud to swell or to form flower buds. These results suggest that if cytokinin is applied during bud dormancy, it will not promote flower bud initiation in lychee (Table III) . In lychee plants that require either an inductive low temperature or dry conditions for bud dormancy, some growth retardants can substitute for the environmental stimulus (5, 7). However, cytokinin after bud dormancy (before budbreak) significantly affected the total percentage of lychee flower buds and/or flower bud differentiation (Table III) . A recent approach that has produced important results in a wide range of species is the stimulation of flowering by the application of plant growth regulators, especially some gibberellins (A4/7) in Pinaceae (10) and cytokinin (2iP) in the female flowering of Douglas fir (3). My experiment on lychee flower buds indicates that kinetin is more effective for promoting flower bud differentiation than other types of cytokinins (WS Chen, unpublished data). Time ofapplication and type ofcytokinin are important and critical. However, since the biochemical basis for hor- 
